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1 __INTRODUCTION

This report explains the proposed evaluation program for
the HR-73C Configuration System.

A brief description of the Configuration is 1nc1ude&;
ag are sections on performance and vibration. It is felt that
the considerations discussed in thesev first sections logically
suggest the implementation of the proposed pfogtu. Furthermore,

it appears that the proposed program has a very high probability of

success.
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11 DESCRIPTION

L 3

The HR-73C Configuration System 15 a 180-inch focal length, £/13.8,
13-inch by 13-inch format, high-altitude spotting camera for detailed small-area
reconnaissance. It carries two rolls of film, each 6-3/4 inches wide by 4,000
feet long, which run side by side in opposite directions across the format. The
camera employs an angle of view for a single exposure of 4-1/2 degrees, but can
8can through an infinite number of oblique positions from 60 degrees left to 60
degrees right of the line of flight.

In vertical, or in any oblique viewing angle within the limits of ;Le
system, three modes of operation are available which may be selected and/or changed
in flight. Mode 1 provides an eight-exposure burst patcern consisting of four
stereo pairo, two side-by-side, two in 1{ine. Mode 2 provides a continuous single-line
pattern nlong the flightline with 55% uininum of overlap of frames. Mode 3 provides
a continuous double-line Pattern aleng the flightline with 10% minimum overlap and
side lap. The camers is remotely mntrolled and 1s fully automatic in {ts oper-
ation once the mode has been selected and the target determined. Mode selection and
target identification are acconpltshed by means of a hand-control and driftsight
located in the pilot's cockpit. 1In the aircraft, the camera {s so mounted that during
ﬁphotographic operation it {s stabilized independently of thc aircratt. At all other
times the camera {s caged and securely locked to the airframe. The stabilizer system

also provides the proper IMC action during photographic operation.
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SPECIFICATION

"The criteria fot'design is approximately 60 lines per niliineter
resolution under good operating conditions. It 1s expected that better-than 40
lines per millimeter will be achieved considering the low contrast targets and
other degradations of the image encountered in actual operations. "

ACTUAL PERFORMANCE

Two systems are currently in operation. The first system produced 32

lines per millimeter visually in the optical shop, but without a bend in the Pield’
‘suid, Prejectien Grewps and 11 lines per millimeter photographically. In Jam_taty

1957, 1its first flight yielded 5-6 lines per nilliﬁoter. After improved focus,
jt;Qéeraturc control, and some initial vibratioa control this first system again
'liéa'ouroc‘l 32 lines per millhctcr' visually and 17 lines per millimeter photegraphically
at "H", | In August 1957 a flight test gave approximately 10 lines per millimeter.

With some additional vibration contrel the flight test of 10 March 1958 yielded
approximately 12-13 lines per millimeter. However, it is knowm t;hat this first
system ugsed in this flight tes£ requifes optical re-alignment and congequently

this system will undoubtedly iprvide better performance.

The second system produced visual resolutiom of 40 lines per millimeter

j in the opticfl shop. On 7 April 1958 the second eptical system easily resolved

33 lines per millimeter phetographically at this facility (see appendix).

A third optical system gave 60 lines per millimeter visually in the optical

shop, but a triplet in the Pm Jection Group now requires rebonding.

ACHIEVABLE PERFORMANCE

Preliminary measurements made by the Vibration Consultants (and measurements

reported by "H") indicate that optical components are vibrating greatly beyond

allowable limits 1if 60 lines per millimeter resolution is to be achieved. Making

60 lines p Top%%%\‘ﬁo?he‘i&&s&‘!d@osmcéAERmmﬂoooqoaouoorys the limit)
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for vibration control, degradation of the image due to vibration will surely

be lessened. While it is impossible to make am unqualified statement as to the
improvement in resolutien that will result from reduced ¥ibration, it seems
reasonable to assume that half of the resolution degradation caused by vibration
can be eliminated.

In the case of the first system (the system which gave 32 lines per milli-
meter visually), there is a loss of about 20 lines per millimeter. Assuming arbi-
trarily that half of the loss results from optical causes and half from vibration
cauges, it could be assumed that the optical causes (other than atmosphere) can
‘be eliminated and the vibratiom causes halved, resulting in a reselution of about
25 lines per millimeter.

The second system (40 lines per millimeter visually) would be expe;ted
to yield 30 lines per millimeter by similar reasoning. Fxtending this relatienship,
& system yielding 60 lines per millimeter visually might be capable of 45 lines
paf millimeter i{n actual eperatiom.

~ There is, obvieusly, a degree of speculation ia this estimate of achiev-
able performance. The principal objective of the propesed evaluation program is

to reduce the speculation rek;tding achievable perfermance.

XY
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- IV_VIBRATION

SENSITIVITY
It 18 important to recognize that vibration of a motor, or gear, or any

other non-optical part is of no importance except to the extent that it may cause

an optical part to vibrate excessively. That is, degradation of the optical image ,

can be caused only by vibration of optical components, .7? PA wage VS . S:‘; ;ﬂ;&%
The various optical elements are subject to several modes of vibration.

However, the photographic results of flight tests show image doubling to be the

most significant degradation of quality. Image doubl@ng can be caused only by certain

modes of vibration, but the various vibrations of each element are not equally harm-

ful. Therefore, the relative semsitivity of each element to image doubling vibrations

hga been computed. (See Table 1).

VIBRATION SOURCES

Vibratione of optical cenponenﬁs are potentially caused by wmany oﬁher‘
componcaés. The vibration sources can be divided as follows: (1) Internal steady-
state viﬁrntions; (2) uxte;nal steady-state vibrati;ns; end (3) internal transient
vibrations. (See Figure 1.) |

Furthermore, the vibrations may excite resonant vibrations in the optical
elements, or, conversely, may be attenuated or of an amplitude and frequency that
cause no dittilulty;

ANALYSIS

The problem of vibration analysis is extremely complex. In practical
terms, the best approach is to measure frequencies and amplitudes of many components
of the system. These measurements should be made under conditions most nearly
approximating operational environment.

After measurements are made, a "worry factor" can be assigned to each

optical element. This factor can be considered as the product of vibratiom magnitude

and elemeng sensipivity. That chinos AEPetkiNp IR s 0060538650605 %8 & 1arse
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N\ VIERAT 0N T ATON I
MOLE ' NS LATION
ELEMENT SENSTIVITY| DIRECTICON |SENSITIVITY |
SCAN 30 .
PRIMARY . . PERPENDICULAR 5

: ITo oPnc Axis
CENDICULAK]
ELEOW 5 PERFENDIC -
TO SURFACE
PEREENLICULAK ,
TO SURFACE
; ££ RPE NDICYLA
P 6 : K '
TO SURFACE
PERPENDIC ULAK
1 =, DICUlAK |
To SURFACE
PERFENDI
TO OPTIC AXIS

Table 1: Relative gensitivity to Qibratlona causing
dmage doubling (Arbitrary Units- higher number indicates

greater sensitivity).
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ROCKING | ,| PRIMARY .| FIELD .| ELBOW PROJECTION
MIRROR 71 MIRROR GROUP MIRROR GROUP
‘ W
H 1 FILM
MIRROR MIRROR MIRROR PLATEN

OPTICAL SYSTEM

STEADY-STATE ¥ - | STRADY-STATE ; TRANSIENT
INTERNAL © . 1] EXTERNAL ; . - INTERNAL
Gyro Sensor block

Metering drive
Film take-up
Shutter drive
Captivator
Tension regulator

IMC

Mechanically ceupled ‘ Shutter latch
vehicle vibratien . -
Vacuum golenoid
Acoustically coupled
vehicle vibration Stepping switches

Obligme servo

Brake solenoid
Stereo actuator
Shuffle rollere

Stabilizers
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vibration will be a very serious cause of image degradation, and elements with

a high "worry factor™ can be investigated first.

X
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V_ PROPOSED PROGRAM

GENERAL

The basic program is for a logical, scientifié investigation of the
“C" System leading to a sound evaluation of its ultimate capabilities. Necessarily,
however, there are "housekeeping items" such as organization and orientation of
personnel and installation of the "C" gystem. But, it is primarily desired to
eliminate (or greatly reduce) Ehe speculation about the "C" System's performance.

Basically, this can be accomplished by: Firstly determining which optical
components are degrading the image; secondly determining what is causing those
optical components to vibrate; thirdly determining how to eliminate these causes of
vibratiop; and fourthly determining how much £nproveﬁent can be expected by‘elimino
ation of the vibration causes.
SCHEDULE

‘The evaluation is scheduled to be completed by 15 May 1958. This {s a
“tight" schedule, but not unrealistic. To date, several items have been completed and
therastill appears to be adequate time to complete the_rﬁnnihing portion of the
evaluation on schedple. (See Table 2.) '

s ED SUCCESS | )

Upon completion, this proposed cvaln@tiou progrém will obviously permit
an intclligcnt.eatinati of the “C" System's ultimate performance. Furthermore,
the work co:plcted to date indicates that there i{s every reason tq_be optimistic

about achieving higher rasolution after modifications to the "C" System.
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ITEM STATUS

T e — e PR3 sy
Establish organiza.tiox‘; Complete (see figure 2).
Install "C" System - - o cmp‘;;‘ o B
Install 300" Collimator ' Complete
Orient perso;l:e_l ’ Comp;.“e:e:b
Contract vibration consultants Complete -
Preliminary analysis Complete
Helsute vibrations of components Complete i ’
Ascertain sources of vibrations Due by 25 Apr. '58
Determine how to eiininat_e vibrations Due by 9 May '58 o
Determine potential improvement ‘Due by 15 May 'S8

Table 2: Evalution\?rogtm and Schedule
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VI APPENDIX

PEOTOGRAPHIC TEST QF 7 APRII_1958

Optics: Second System (40 1l/mwm visually)

Configuration: No. 4

Arrangement: Counfiguration caged, shutter removed, all power off}
mounted in heavy stand on heavy frame with vibration isolatiom
between stand and frame, and between frame and floor; 300"
Collimater on floor under scannin; flat,

Source: 3, 5, 10 and 20 line per millimeter resolution charts iné
Collimator‘

Film: Kodak Spectroscopic Plate; Type V-F

Results: All targets resolved (5, 8, 16 and 33 lines per millimeter,
respectively, at platen); and it seems that.40 lines per millimeter

could have been resolved if an appropriate source was available.
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